HQ, used in parallel with the IQ, detected significantly fewer neurological cases. This result was mainly due to the low capacity of the HQ to detect headache. Conclusions: Results of the prevalence study are discussed emphasizing their relevance in adequately allocating resources. The usefulness of the HQ for screening neurological disorders in general was low, but could be adequate for specific neurological disorders.
Determining the Burden of Neurological Disorders in Populations Living in Tropical Areas
Introduction Worldwide, epidemiological studies on neurological disorders (ND) are mostly based on hospital and autopsy records [1] . These studies are somewhat biased, particularly in developing countries, where not all the population has access to the public health system and no mandatory reporting practice exists. Over the last 3 decades, population-based studies directed to determine the true burden of ND have been increasingly acknowledged. Nevertheless, in developing countries, the limited access of neurologists to rural areas and the logistic and economic limitations to perform neuroepidemiological studies have significantly complicated their implementation [2] [3] [4] . To the best of our knowledge, only 4 population-based neuroepidemiological studies have been carried out in Mexico. Only one of these is a general neuroepidemiological study directed to determine the main ND prevalence, and in it, a questionnaire was applied to the household leader (household questionnaire, HQ) during the screening phase [5] . The other 3 studies were more specifically focused on only 1 ND (epilepsy, migraine or headache) [6] [7] [8] . General neuroepidemiological studies directed to evaluate the global burden of ND in a population are thus still required to orient public health investigations and interventions.
The present study was designed according to the World Health Organization protocol [9] to determine ND prevalence in a rural community of central Mexico and to evaluate the usefulness of an HQ. In neuroepidemiological studies, each studied subject normally answers the questionnaire personally during the screening phase, which implies high logistic and time costs. The method tested herein could be of particular interest to be used in general neuroepidemiological surveys in areas with poor resources.
Methods

Study Design
A 2-phase study design was adopted to determine the ND prevalence, consisting in the application of the WHO screening questionnaire for ND by trained field interviewers followed by a clinical examination of the subjects by neurologists. To compare the individual questionnaire (IQ) and HQ, they were simultaneously and independently applied to each household during the screening phase. The household leader was considered as the family member best informed about the health situation of each of the family.
Study Area and Population
San-Andrés Azumiatla (latitude 18°53 and 18°54 N, longitude 98°14 and 98°16 W) is a Mexican rural community located 30 min away from the city of Puebla. Prior to this study, a census was carried out to evaluate the main characteristics of the community (unpublished data from the CECACVI, Nursing Academy Center). According to the census, San-Andrés Azumiatla has a total population of 6,203 inhabitants (1, 190 households) mostly of Nahuatl origin. The population is predominantly young (43.0% are under 16, 83.6% are under 40). Education level and family income are low: 23.0% of the population is illiterate, and 42.4% completed primary education only; 88.1% of the population earns less than 2 minimum salaries per family ( ! 7.0 US dollar/day). Water distribution could be substantially improved: although 89.5% of the population has a running water supply, it is chlorinated in only 33.5% of the network. On the other hand, 66.5% of the population does not own latrines, and 85.5% are not connected to the sewage. The health care infrastructure consists of a rural health center and an academic center used by nursing students for practice.
Although the studied community is located near an important urban area, its members have close family relationships: 97% of the population was born in San-Andrés Azumiatla, and only 3 surnames are present in 46% of the population as first or second names. Inhabitants were included as subjects of this study only if they had been living in San-Andrés Azumiatla for at least the 6 months preceding the survey. The local and state authorities were informed and gave their agreement and logistic support. The study was approved by the Ethical Committee of the Instituto Nacional de Neurología y Neurocirugía, México.
Screening Phase
Information was obtained from a total of 1,006 of the 1,190 households of the community.
Individual Questionnaire San-Andrés Azumiatla was screened door to door, in order to identify people who had suffered or presently suffer from ND (lifetime prevalence). The WHO IQ was initially applied, which includes 12 standardized questions and 4 simple tasks for a quick evaluation of motor or sensitive deficit, tremor and ataxia. Four more questions were added to improve sensitivity regarding epilepsy, psychomotor delay, diplopia and memory failure. The questionnaire was automated using an MS Access application.
Household Questionnaire In order to assess the validity of the household leader's responses, an HQ was designed based on the IQ. This instrument consists of exactly the same questions as the IQ, but omits the simple tasks. The HQ was applied independently on a paper sheet.
Methodology
The field interviewers in charge of the screening were medical, nursing and veterinary students, trained for 3 days before the study in order to minimize inter-and intraobserver variations. The training included a brief presentation of ND, recommendations on epidemiological surveys, interview role plays and the use of the MS Access application. Field interviewers were divided into 13 teams of 3 members each; each team included a nursing student with knowledge of the community who facilitated contact with the inhabitants. The community was divided into 6 sectors and 97 blocks. Each team of field interviewers was assigned a different group of blocks every morning. Interviews were organized as follows: the team of field interviewers arrived at a house and identified the household leader; 1 interviewer applied the HQ to the household leader and wrote down a list of all the household inhabitants, present or absent; the 2 remaining interviewers applied the IQ to all inhabitants present in the household. Computerized data from the IQ applied by each team were saved daily, as well as the HQ sheets, which were collected and stored until recording. A database was built which included all the information. Subjects who answered 'yes' to one of the questions or were unable to perform any of the simple tasks were considered as 'suspect' of suffering from ND.
Neurological Examination
A neurological examination was applied to all subjects who were classified as 'suspects' during the screening phase. This was performed by a certified neurologist or by a neurology student concluding residency who was always supervised by a neurologist. Confirmed neurological patients who required follow-up were referred to the General Hospital of the city of Puebla.
Diagnostic Criteria
Headaches were diagnosed based on the definitions proposed by the International Headache Society in 2004 [10] . Epilepsy was diagnosed according to the epidemiological definition proposed by the International League against Epilepsy in 1993 [11] . Stroke was diagnosed based on the definition proposed by the WHO as a condition characterized by rapidly developing symptoms and signs of a focal brain lesion, with symptoms lasting for more than 24 h, with no other apparent cause than ones of vascular origin [12] . Diagnosis of peripheral nerve disorders was based on at least 2 of the following criteria: (a) muscle weakness and distal wasting; (b) reduced or absent deep tendon reflexes; (c) sensory deficits specific in type and distribution [13] . Bell's palsy was diagnosed specifically by the acute onset of unilateral or bilateral paralysis of the facial expression muscles as a result of a lower motor neuron lesion of the facial nerve, and for which no definite etiology was identified [14] . Psychomotor delay was diagnosed upon observation of global delay in cognitive and motor learning, excluding dyslexia, with onset before the age of 18 years and at least 2 of the following: limitation in self-care, home living, social skills, community use, self-direction, health and safety, leisure and work associated with deficits or impairments in communication and self-care, and home living (DSM-IV) [15] . Diagnoses were based on clinical grounds without psychometric evaluation. Cerebellar disorders were diagnosed on the basis of the presence of at least 3 of the following criteria: gait ataxia, intention tremor, adiadochokinesis, dysmetria and dysarthria. Diagnosis of essential tremor was based on the consensus statement of the Movement Disorder Society [16] . Dementia was diagnosed when memory impairment existed associated with 1 of the following features: aphasia, apraxia, agnosia or disturbances in executive functioning, in the presence of a state of clear consciousness [15] . Head trauma and central nervous system infection (virus, bacteria, fungus or parasite) were considered as the cause of a permanent brain damage leading to a neurological incapacity. They were ascertained by the natural history of the patient and, when available, by their radiological studies.
Data Management and Statistical Analysis
Merging, updating, pooling and verifying the quality of data was done using the MS Access Software. Statistical analyses were performed with the following softwares: Statview 5.0 (SAS Institute Inc., Cary, N.C., USA), Medcalc 9.4.2.0 (Medcalc Software, Mariakerke, Belgium) and SPSS 10 (SPSS Inc. Headquarters, Chicago, Ill., USA). Crude and standardized prevalences on the world population were calculated (as described by Segi [17] ). Quantitative variables were expressed as mean and standard deviation, and compared using the two-tailed Student t test or the Mann-Whitney test. Qualitative variables were expressed in percentages with 95% confidence intervals (CI) and compared using the 2 , MacNemar or Fisher's exact tests. Concordance between questionnaires was estimated using the kappa coefficient with 95% CI. The level of significance was 0.05.
Results
The general design of the survey is shown in figure 1 . Information from 1,005 households of 1,190 identified during the census was obtained. 185 families (15.5%) were not interviewed, either because they refused to participate or because they could not be contacted during the screening phase, despite repeated attempts. The HQ was applied to 1,005 household leaders of the families included in this study and allowed collecting data from a total of 5,195 subjects ( fig. 1 ). Of these, 4,008 subjects were also screened by the IQ. Age and sex distribution of this sample is shown in table 1 . Compared with the entire community, our sample was similar in age, although the masculine gender was underrepresented (p ! 0.0001). The 1,187 subjects only screened by the HQ were absent during the screening phase and could not be contacted later. In 2 cases, the household leader gave the answer 'I don't know', and they were thus omitted from analyses.
Concordance between IQ and HQ
To assess the usefulness of the HQ, results obtained from 4,006 subjects evaluated by both questionnaires were compared. Concordance between the two questionnaires regarding suspected cases was determined ( table 2 a). A kappa coefficient of 0.69 (95% CI: 0.65-0.74) was obtained.
The usefulness of the IQ and HQ regarding the detection of confirmed neurological cases was evaluated ( table 2 b). As shown in this table and in figure 1 , the HQ alone allowed the diagnosis of 16 neurological cases corresponding to 18 ND. Of these cases, 12 were not detected by the IQ (5 cases of headache, 3 of neuropathy, 2 of psychomotor delay, 1 of epilepsy and 1 case of headache associated with neuropathy), and 4 were not evaluated by the IQ (1 case of headache, 1 of essential tremor, 1 of cerebellar ataxia and 1 of cerebellar ataxia associated with epilepsy). The IQ detected significantly (p ! 0.0001) more patients (127/143, 88.8%) than the HQ (73/143, 51.0%). This difference was mainly due to the poor capacity of the HQ to detect headaches: the IQ detected 74 of the 81 patients with headache (91.4%), while the HQ detected only 28 (34.6%; p ! 0.0001). No further differences were found in questionnaires considering the remaining ND separately. The IQ and HQ detected each one 19 of the 24 neuropathies (79.2%). Regarding epilepsy, the IQ detected 16 of the 18 cases (88.9%) while the HQ detected 12 (66.7%). However, the usefulness of questionnaires remained significantly different when all ND excluding headaches were considered. In this case, the IQ detected 60 of the 70 ND (85.7%) while the HQ detected 47 of the 70 ND (67.1%; p = 0.037).
Prevalence Studies
Prevalence Determined by the IQ In this analysis, a total of 4,008 inhabitants (64.8% of the population) was included in the study ( fig. 1 ). During the screening phase, 332 inhabitants (8.3%) appeared as 'suspects' of ND. A total of 280 neurological consultations were performed, which identified 127 neurological patients. In addition, 10 of these subjects presented 2 ND, which gave a total of 137 neurological pathologies. Crude and standardized prevalence rates and age-specific prevalence distribution of ND are presented in table 3 and figure 2 , respectively. In table 4 , age-and sex-specific prevalence rates for the 3 main ND are shown.
Headache was the most frequent symptom (18.5/1,000, 95% CI: 14.6-23.3), followed by peripheral nerve diseases (4.7/1,000, 95% CI: 2.9-7.5) and epilepsy (4.0/1,000, 95% CI: 2.4-6.6). Headache prevalence was higher in subjects of both sexes from 41 to 60 years of age, and was significantly higher in women than in men aged 16-60 years. Of the 74 cases of headache, 25 were diagnosed as migraine (20 cases in women and 5 in men, global prevalence of 6.2/1,000, 95% CI: 4.1-9.3), 40 were diagnosed as The prevalence of neuropathies increased with age and did not differ between sexes. Of the 6 inhabitants with stroke, 5 probably had an ischemic event while 1 had a hemorrhagic stroke. Two subjects had got a CT scan that confirmed diagnosis. Cases of cerebellar syndromes were diagnosed in 2 families ( fig. 3 ). Three siblings were affected in 1 of these families, and 2 sisters and 1 cousin were affected in the other.
Prevalence Determined by the HQ We also determined the prevalence of ND considering only the HQ. Crude and standardized prevalences estimated by this way are presented in table 3 . n = The total number of ND is higher than the total number of cases since some patients presented 2 neurological diseases; standardized prevalence: standardization with respect to the world population [17] . M = Male; F = female; T = total. 1 The differences in sex distribution were statistically significant in the age groups 15-40 and 41-60 years for headache (p = 0.02 and p = 0.015, respectively) and for total neurological cases (p = 0.016 and p = 0.004, respectively).
Discussion
The WHO specified in 2006: 'The research agenda for developing countries needs to be developed to gain better understanding of the problem so that appropriate responses can be developed and evaluated. Specific areas for research and development could include conducting population-based epidemiological studies in developing countries where insufficient data limit evidence-based planning' [1] . Despite this statement, very few studies have been made. Table 5 resumes the main results of the available studies in tropical areas. It is important to note that the interest of such studies is not only to permit to evaluate contrasts across countries, but also within countries, potentially identifying communities with elevated unknown risk factors and supporting public health investigations and interventions.
In Mexico, most neuroepidemiological data come from hospitals or autopsy-based studies with the wellknown associated biases. Easier ways for performing neuroepidemiological surveys could contribute to augment our knowledge about the situation in tropical areas.
We found that the sensitivity of the HQ to detect ND, considering globally 'all ND', was significantly lower than that of the individual questionnaire, although this difference, considering each disease separately, was only significant in the case of headache. This result may be expected, as headache is an 'invisible' disease, which is individually experienced by the patient. If headache is not considered, the sensitivity of the HQ increases, but not enough to cancel the significant difference between the questionnaires.
It is important to state that prevalences found using the IQ are probably overestimated due to a possible 'healthy worker effect' (the persons absent at the moment of the visit were probably working and in good health). Conversely, the HQ may underestimate prevalences due to its lower sensitivity, principally for the diagnosis of the more 'benign' neurological diseases. Choosing which tool to use will mainly depend on the objective of the study. The evident advantage of an HQ versus an IQ in terms of logistical organization is important to note. Ad- S tandardization = Population used for standardization. H = Headache; E = epilepsy; PD = psychomotor delay; S = stroke; N = neuropathy; T = traumatism; I = infection; CD = cerebellar disorder. 1 Migraine. 2 Polyneuropathies were only considered. 3 Assessed by an HQ. ditionally, its performances for the diagnosis of 'severe' ND seem to be very acceptable. Thus, if the main objective of a study is to determine the prevalence of severe ND, its utilization could be encouraged as suggested by Edwards et al. [30] in their work in Kenya. Nevertheless, as in the present study the number of patients per group was small, the certainty level of results is possibly low and further large-scale studies to fine-tune the differences between the HQ and the IQ must be supported. On the other hand, the traditional utilization of an IQ must be promoted if the main objective of a study is to give us a general panorama of ND in a community.
Regarding the prevalence of ND, headache, neuropathies and epilepsy were the 3 most frequent neurological pathologies, disregarding which questionnaire was used. It must be stated that inhabitants sampled by the IQ represent a small proportion of the population of the community (64.6%) and were underrepresented in the masculine gender, facts that could generate some imprecision in the results. However, we found that headache was the most frequent neurological symptom. Our prevalence results are in accordance with results from other general neuroepidemiological studies ( table 5 ) [5, [18] [19] [20] [21] [22] [23] [24] [25] , although the extreme heterogeneity of headache prevalence, ranging from 8.7 to 71.2/1,000, must be noted. This great variability highlights the necessity to standardize tools and definitions in order to allow better analyses and comparisons of this highly heterogeneous ND. Cultural factors would also be taken into account in formulating questions, in order to be the most sensitive possible. The question used in the WHO questionnaire mentions 'episode of intense head pain' that can have a different meaning in different cultures.
Epilepsy prevalence (3.9/1,000) was not significantly different from the other general neuroepidemiology study performed in Mexico [5] , and similar to reports from developed countries [31] . Nevertheless, it is interesting to observe that this prevalence value was much lower than that reported in previous general neuroepidemiological studies from other Latin American countries such as Bolivia (12.3/1,000), Colombia (10.3/1,000) and Ecuador (10.8/1,000) and also than the prevalence reported in specific epidemiological studies [22, 24, 28, 32] . Here too, the high variability of the results, ranging from 6.0 to 42.3/1,000, must be mentioned. Methodological differences and socioeconomical factors may contribute to this difference. Thus, although the community studied in this work was of a very low socioeconomic level, it has access to a health center with a graduated medical doctor and a nurse training center. In Mexico and Latin America, most community health centers are attended only by medical students or nurses. An unexpected finding of this study was the high frequency of neuropathies (7.1/1,000). This prevalence was similar to the one found in the Colombian neuroepidemiological study; nevertheless, it is significantly higher than those of the other surveys. These high frequencies are probably related to the high prevalence of diabetes reported in Latin America and in populations of Native American descent [33] . Indeed, in Mexico, 7.5% of the adult population is diabetic, and the population with a lower degree of education and income is highly affected [34] . These data are in agreement with the worldwide rise of diabetes mellitus to epidemic proportions. Because of the magnitude of the problem, it has become a health priority in Mexico and has received progressively higher attention.
The finding of 2 families with young children and adolescents affected by cerebellar ataxia ( fig. 3 ) is particularly dramatic. These patients require specialized attention, which cannot be obtained at the community's primary health care services. Furthermore, the family's limited income does not allow them to move to distant specialized centers. Thus, these patients turn down the possibility of being attended and are homebound with no possibility of rehabilitation. The parents of these affected persons do not know if they have any familial link, although they do share one of the surnames. Even if environmental or occupational factors could participate in the genesis of these diseases, a genetic origin is the first hypothesis as genetic ataxias are frequent in Mexico [35, 36] . Molecular studies to describe their origin are presently under way. These cases point at the need of implementing information campaigns and genetic counseling aimed at reducing these potentially preventable diseases.
In conclusion, regarding methodological issues, HQ performance levels were lower than IQ performance levels when all ND were considered. Nevertheless, its use for specific severe ND seems to be interesting and should be further evaluated. On the other hand, the results of this prevalence study show the importance of neuropathies, probably related to diabetes, for which preventive measures can be applied. Although epilepsy prevalence was relatively low, it was third in importance among ND in this community, and efforts to prevent it must be continued. This study also evidenced the problem of recessive genetic diseases that prevails in these closed communities. Here too, preventive measures must be applied.
